Nutrition is a critical component of diabetes and other chronic diseases for young children. However, nutritional intake is burdensome to measure accurately and easily, making it difficult to evaluate in research or clinical contexts. This pilot study examined the feasibility and acceptability of having parents of young children with type I diabetes (T1D) use the remote food photography method (RFPM) to measure breakfast nutrition. Participants were 9 mothers of children ages 2-5 years (M age ϭ 4.2), with a T1D duration of at least 1 year (M age ϭ 2.4 years at diagnosis), representing diverse backgrounds (55.6% Caucasian; 44.4% African American; 55.6% married). During baseline and follow up of a healthy eating and physical activity intervention for children with T1D, parents used the RFPM to capture before and after images of their children's breakfast. Feasibility and acceptability were assessed by adherence to taking photos, percent of usable photos, and participant satisfaction. The RFPM was feasible across participants with high adherence rates (100% at baseline and 87% at follow up) for sending usable photographs. Most participants reported satisfaction with the meth-
od. Using the RFPM to assess nutrition in a small sample of young children with T1D was feasible and acceptable. Given the importance of assessing nutrition in young children with T1D as well as other chronic illnesses (e.g., cystic fibrosis, obesity), the RFPM may be a useful tool for both research and clinical data collection in lieu of other methods. More research is needed to evaluate reliability and validity of RFPM in pediatric populations.
Implications for Impact Statement
The present study uses pilot data from a study with young children who have T1D to suggest that remote food photography, a method that has been well established in the nutrition field, could be a useful dietary intake measuring tool in pediatric psychology populations.
Keywords: type I diabetes, nutrition, assessment, pediatrics, RFPM Type I diabetes (T1D) is a chronic illness that affects 1 in every 400 individuals under the age of 20 years and is increasingly diagnosed in young children in the United States (Vehik et al., 2007) . The incidence and prevalence of T1D also appears to be rising in young children globally (Patterson et al., 2014) , with the overall annual increase of T1D diagnoses in young children estimated to be around 3% (The DIAMOND Project Group, 2006; Patterson et al., 2014) . Nutrition, specifically the balancing of macronutrients, regulating the intake of carbohydrates, and attending to the glycemic index of foods is an integral component of diabetes management (Patton, Goggin, & Clements, 2015) . However, managing diet can be challenging in young children with T1D due to common behaviors in this developmental period, including unpredictable eating and problematic mealtime behaviors (Patton, Dolan, Chen, & Powers, 2013) . These eating challenges often found in young children may also have more severe health consequences for pediatric chronic illness populations. Indeed, in T1D, approximately 41% of young children ages 1-4 and 43% of children ages 5-9 achieve optimal regimen adherence (Holtz & Lauckner, 2012) , which can result in serious health consequences later in life (DiMatteo, Giordani, Lepper, & Croghan, 2002) .
The same challenges that make nutritional management of T1D a particular challenge in young children also make accurate assessment of nutritional intake difficult (Patton et al., 2013) . Nutritional intake needs to be assessed accurately and with the least burden on participants to determine efficacy in intervention research. Clinically, providers could benefit from tools that allow easy and accurate descriptions of intake to provide patients with recommendations. Therefore, innovative methods for objectively assessing specific nutritional content and intake that are feasible and reduce burden on families, clinicians, or researchers are needed.
The evaluation of clinical interventions is contingent upon the accuracy of nutrition data provided. Although self-report measures, such as food frequency questionnaires, have numerous strengths, including low cost and ease of administration for researchers and clinicians (McPherson, Hoelscher, Alexander, Scanlon, & Serdula, 2000) , these measures also have drawbacks. Specific difficulties include inaccurate recall and reporting global perception of frequency of intake rather than specific intake on a given day (Quittner, Modi, Lemanek, IeversLandis, & Rapoff, 2008) . Moreover, food frequency questionnaires present additional difficulties with younger children, as they can have unpredictable eating patterns (e.g., eating at daycare, not finishing served meals, mealtime misbehavior; Quittner et al., 2008) . The 24-hr recall method is a diary or interview-based method that asks parents to report on the past 24 hr of their child's eating and related health behaviors (e.g., Holmes et al., 2006) . These interviews are often used, yet may be unreliable due to recollection bias, inability to accurately estimate the quantity of food consumed, and underreporting (Fedele, Cushing, Fritz, Amaro, & Ortega, 2017; Quittner et al., 2008) . It is therefore important to consider other means for accurately assessing intake to determine efficacy of interventions in research and clinical practice.
The RFPM (Martin et al., 2009 (Martin et al., , 2012 ) was developed as a less burdensome and more time efficient way to quantify food intake in free living conditions across a variety of populations such as children and adults with obesity, type 2 diabetes, and in preschool children (Martin et al., 2012) . The method relies on patients capturing images of their meals before and after they eat with the SmartIntake smartphone app, which then sends the images to the Pennington Biomedical Research Center for analysis of energy and nutrient intake.
The Type One Training (TOTs) pilot study examined the feasibility and acceptability of an intervention that aimed to improve glycemic control in young children with T1D through changes to parental management of child health behaviors with a focus on breakfast nutrition and physical activity. The feasibility and acceptability of data collection for the content of breakfast was essential for evaluating the intervention. The current study used the RFPM in lieu of self-report measures. In tandem with the assessment of the efficacy of the TOTs intervention, the goal of the current substudy was to evaluate the feasibility and acceptability of the RFPM in parents of young children with T1D by measuring parent adherence at baseline and follow up, as well as reported satisfaction.
Method Participants
The TOTs Project participants were 10 mothers of children aged 2-5 years (M ϭ 4.2 years), with a T1D duration of at least 1 year (M age at diagnosis ϭ 2.4 years; M illness duration ϭ 2.3 years) and representing diverse backgrounds (56% Caucasian; 44% African American; Table  1 ). Participant demographic characteristics were representative of the clinic sample. Caregivers of patients followed clinically at the study institution were recruited via letter and phone. One participant did not complete baseline assessment and dropped out of the study; results are described from the nine mother/child dyads who completed the program (Figure 1 ).
Procedure
The hospital institutional review board approved the study protocol and all participants provided written informed consent. To measure breakfast intake, parents took photographs of their child's breakfast as it was presented to the child (before photo) and a photo of the plate waste (after photo). At the initial study orientation, study staff trained participants how to take photographs by providing a guide and demonstrating the process (Figure 2 ). To ensure adequate data, participants were asked to capture 4 days of images at baseline and again at follow up (3 months later) with the aim of receiving 3 days of data at both time points from each participant (54 total images across all participants and time points) for analysis. Participants were compensated for completing all baseline and follow-up measures for TOTs, but not individually for RFPM.
Measures
The RFPM (Martin et al., 2009 (Martin et al., , 2012 ) is a data collection method that was developed at the Pennington Biomedical Research Center. This method enables an assessment of what food is offered, what is discarded, and what is consumed, which allows for an examination of child intake, as well as potential information on food presentation. The RFPM was found to be reliable and valid in adults (Martin et al., 2009 (Martin et al., , 2012 , and similar photography methods have been used to measure the food intake of children in cafeteria and other settings, including school cafeterias (Williamson et al., 2004) and Head Start centers (Herbert, Gillespie, Monaghan, Holmes, & Streisand, 2016) . Adaptations to the method for children included creating new standard portion images to utilize during the visual comparison procedure to estimate portion size. Parents are also instructed to capture waste plate images of food that ended up on the floor. RFPM data are collected via smartphone through the SmartIntake app. Participants capture before and after photographs of meals next to a reference card (see Figure 2) , which assists in estimating portions using any size plate. Usable pictures are defined as those clear enough to see and all foods are visible (e.g., a tortilla covering the food would not be usable, as all food is not seen). Also, images where the smartphone camera is too close to the food are more difficult to analyze. The SmartIntake app includes a voice feature that allows participants to record details about their food verbally and a message feature for written descriptions of food and their preparation method (e.g., name brand turkey bacon, cooked in butter). The application also can identify foods through barcode scanning and price lookup codes. The data are then sent to Pennington, where trained operators identify a match for each food from the Food and Nutrient Database for Dietary Studies 5.0 (United States Department of Agriculture, 2012) and other sources to calculate intake. The operator uses the program to estimate portion size, which relies on existing and validated methodology (Martin et al., 2009 (Martin et al., , 2012 Williamson et al., 2003 Williamson et al., , 2004 .
In this pilot study, instead of use of the SmartIntake app, e-mail was used to send before and after photographs, breakfast time, and food descriptions based on early participant feedback noting preference for sending an email rather than taking the photo through the app. Specifically, the SmartIntake app is currently only compatible with iOS/Apple (e.g., iPhone and iPad) operating systems, meaning that parents with any other type of phone would have to use a loaned device during data collection. Given that families were using a number of devices as part of other aspects of data collection for the current study (e.g., accelerometers, continuous glucose monitors), the decision was made to minimize the number of devices they were required to utilize. Regardless of using SmartIntake or e-mail, the accuracy of intake estimates is agnostic to the method of image transfer, as intake can be estimated from a number of sources. Each participant received a stan- dardized three days of text message reminders to send before and after photographs to mirror the automated reminders provided by the SmartIntake app, but not at times tailored to specific families based on their typical breakfast schedule, as provided by SmartIntake. If nothing was received after Day 2, phone calls were made to participants to remind them to take the photos and offer support and problem solving for any barriers. Feasibility was assessed by collecting (a) data on percent of received before and after photographs, and (b) if the photographs were usable (determined by trained operators) in assessing nutrition intake. To assess acceptability, following completion in the intervention study, research team members collected satisfaction surveys regarding overall participation in the program. Two items assessed satisfaction with RFPM. One asked "How did you feel about using the Remote Food Photography Method (RFPM) as part of the study?" using a response scale of 1 (very easy to use RFPM) to 4 (very difficult to use RFPM). The other was an openended response item asking "Do you have any other thoughts or recommendations about using the Remote Food Photography Method in future studies?" Second, we conducted open-ended qualitative interviews with participants in order to assess satisfaction. In eliciting responses for the technology used throughout the program, participants were asked "We asked you to use a lot of different equipment (CGM, Fitbit, accelerometer, and a phone to take breakfast pictures). Which piece of equipment did you find most useful?" and "Which piece of equipment did you find least useful?" Participants were also asked to give general thoughts and feedback on the program, during which some respondents provided more thoughts on acceptability of RFPM.
Results

Feasibility
At baseline, 100% of the three required before and after photographs across 4 -5 days were captured. At follow up, 87% of the three required before and after images were captured over 4 -5 days. All (100%) of the photos received at baseline and follow up provided reliable data for analysis. Pennington analyzed the before and after photographs and generated nutritional data (see Table 1 ) including energy (kilocalories), macronutrients, and micronutrients (see Figure 1) . These data captured the nutritional value of each food item and meal, and then produced an analysis representing offered versus consumed food of each meal.
Acceptability
Quantitative data from the satisfaction survey showed that seven of the nine participants found the RFPM easy to use, one participant found it somewhat easy, and one participant found it difficult. In qualitative interviews, when asked about the ease or difficulty of use of the technology used for study assessments, four participants provided feedback on RFPM. Specifically, one participant stated that she would have been interested in receiving direct feedback on the photos to learn more about the nutritional content. One participant reported that taking pictures at breakfast was the least useful of the technology in the project, given that it was difficult because of her schedule and the child typically needing to eat breakfast in the car. Similarly, another participant, who had used SmartIntake at the beginning of the study, wished that the app had more foods in the database to make the search and logging functions easier.
Discussion
The current study provides preliminary evidence for the feasibility and acceptability of RFPM for the assessment of intake for a single daily meal in young children with T1D. Overall, participants generated usable data which allowed for a detailed examination of macro and micronutrients to assist with evaluation of program efficacy. The data was obtained with little burden on participants and the research team, and there was high reported satisfaction with the method.
Given the importance of nutrition intake and difficulty in its measurement, the RFPM could have potential use in research studies evaluating the effect of nutrition on health outcomes or on the effectiveness of interventions. The use of RFPM also has potential applications clinically for providers. For example, RFPM data could be integrated with technologies or electronic medical records containing details about diabetes management (e.g., blood glucose readings, insulin dosing). This could provide more complete and accurate information for providers to make treatment decisions. The flexibility in the method suggests it could be useful in a variety of pediatric populations (e.g., to monitor/ measure sugar intake for children with obesity, fat intake for children with cystic fibrosis, caloric intake for children preparing for bariatric surgery, etc.) and that it is less burdensome due to the ability to send photographs through the app, text message, or e-mail, depending on participant preference. The RFPM provides unique data on what food is presented to the child, as well as what is discarded as plate waste and consumed, which might provide useful information for treatment providers. If desired, providers can access information in real time to provide in-the-moment tailored recommendations.
As this was a small pilot study, the primary limitation is the small sample size. Therefore, results need to be interpreted with caution and provide an indication of the RFPM's feasibility and acceptability, and potential use in future research. Also, due to the utilization of emails rather than the SmartIntake app, participants did not receive automated reminders at time points tailored to their breakfast routine, which have been found to increase adherence in previous studies, but rather standardized messages sent during the morning hours. Hence, although data quality and completeness were very good in this pilot study, use of these procedures is expected to only increase data quality. It should also be noted that study staff asked for emailed images for only one meal each day, which may have increased adherence.
There are several recommended considerations for others we learned from using RFPM in the current study. First, though there was overall high data completeness, adherence to taking pictures at follow up was poorer than at baseline. This could be because participants had a written reminder of instructions for use of RFPM at follow up, rather than an in-person demonstration like at baseline. Including a booster call at follow up to remind participants of how to collect data could likely improve data completeness. The second consideration is the cost associated with RFPM and the SmartIntake app. The cost of the RFPM and SmartIntake is less expensive or about the same price as a food record. The cost is more easily scalable since the method is flexible and can be modified based on the feedback desired. For instance, the cost of the RFPM is lower if the team need not analyze the images to estimate energy or nutrient intake and the app is used by a clinician to see the images of what a patient is consuming. More research is needed to evaluate the reliability, validity, and cost effectiveness of the RFPM in pediatric populations, for both research and clinical purposes.
Given the importance of assessing nutritional content of meals in young children across a variety of pediatric populations for intervention and research, the RFPM has promise as a useful tool. Larger studies need to be conducted to more fully evaluate feasibility and acceptability, and the validity of the method, especially in other pediatric populations.
